Objective: The aim of this study was to determine gene expression and splicing changes associated with parturition and regions (visceral vs. subcutaneous) of the adipose tissue of pregnant women. Study design: The transcriptome of visceral and abdominal subcutaneous adipose tissue from pregnant women at term with (n = 15) and without (n = 25) spontaneous labor was profiled with the Affymetrix GeneChip Human Exon 1.0 ST array. Overall gene expression changes and the differential exon usage rate were compared between patient groups (unpaired analyses) and adipose tissue regions (paired analyses). Selected genes were tested by quantitative reverse transcription-polymerase chain reaction. Results: Four hundred and eighty-two genes were differentially expressed between visceral and subcutaneous fat of pregnant women with spontaneous labor at term (q-value < 0.1; fold change > 1.5). Biological processes enriched in this comparison included tissue and vasculature development as well as inflammatory and metabolic pathways. Differential splicing was found for 42 genes [q-value < 0.1; differences in Finding Isoforms using Robust Multichip Analysis scores > 2] between adipose tissue regions of women not in labor. Differential exon usage associated with parturition was found for three genes (LIMS1, HSPA5, and GSTK1) in subcutaneous tissues.
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Introduction
Parturition imposes an increased energy demand on the laboring woman. Labor is characterized by increased concentrations of nutrients including glucose [1] [2] [3] [4] [5] , free fatty acids [3, 6] , ketone bodies [7] , and lactic acid [8] . There is an approximate three-fold increase in whole body glucose utilization during labor and delivery and, as expected, energy expenditure of the parturient women in the second stage of labor is 40% higher compared to the first stage [9] . Additional support for the metabolic burden of labor can also be found in the examination of myometrial glycogen storage, which is significantly increased at term [10] , but almost completely depleted during labor [11] . Consistent with these findings, examination of the human myometrial transcriptome revealed that biological processes related to metabolism were among the molecular functions enriched in the differentially expressed genes between pregnant women with and without spontaneous term labor [12] .
The conventional view is that the energy expenditure of labor and delivery is equivalent to that of moderate exercise [1, 9] and that similar mechanisms (e.g. insulin and non-insulin dependent glucose uptake, enhanced hepatic gluconeogenesis, and direct sympathetic nervous system stimulation) govern the metabolic adaptation to parturition [9, 13, 14] . However, whether or not adipose tissue, the major energy reservoir, is affected by labor and delivery is still unknown. Assessment of the putative role of adipose tissue in human parturition may be of special importance considering the large body of evidence indicating that this endocrinal organ is powerful [15] and exerts autocrine, paracrine and endocrine effects by the production and secretion of highly active peptides and proteins collectively termed adipokines [16] . Importantly, adipokines have been implicated in physiological adaptations of normal gestation [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] as well as in the pathophysiology of preeclampsia [21, , gestational diabetes mellitus [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] , preterm birth [66] [67] [68] , delivery of large-for-gestational-age (LGA) newborns [69] , small-for-gestational-age (SGA) neonates [70] [71] [72] [73] [74] [75] [76] , pyelonephritis [77] [78] [79] , and intrauterine infection and inflammation [80] [81] [82] [83] . Of note is the well-established association between obesity and these complications of pregnancy .
It has been suggested that the implication of adipose tissue in physiological or pathological processes should take into account the region-specific differences between fat depots. Particularly, differences in function [114] [115] [116] , gene expression [115, , and metabolic effect [145] [146] [147] [148] [149] [150] between the visceral and subcutaneous adipose tissue are to be considered. Indeed, regional variations of adipose tissue in specific genes were reported in nonpregnant individuals using both high throughput techniques [131-133, 136, 151] and targeted approaches [115, 116, 131, 133, [152] [153] [154] [155] [156] [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] . Overall gene expression in the adipose tissue of pregnant women has been previously reported [32, [117] [118] [119] [120] [121] [122] [123] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] [177] [178] ; however, adipose tissue gene expression, biological processes, molecular functions, and pathways associated with spontaneous term parturition have not been described. Furthermore, to our knowledge, exon-level changes that can inform on alternative promoter usage, alternative splicing, and alternative transcript termination [179] between the visceral and subcutaneous regions have not been reported in either fat or other tissue of parturient women.
We undertook this study in order to characterize the transcriptome of human visceral and subcutaneous adipose tissue during normal labor at term to gain understanding of the global changes in gene expression and splicing associated with adiposity using an unbiased approach. The aims of this study were: 1) to determine differences in visceral and subcutaneous gene expression between pregnant women with and without spontaneous labor at term; 2) to determine regional variations in the transcriptome of adipose tissue of patients with spontaneous labor at term; and 3) to identify depot-specific alternative splicing alterations in the adipose tissue of women with spontaneous labor at term.
Materials and methods

Study groups
A prospective study was performed in which visceral and subcutaneous adipose tissue samples were obtained from women undergoing cesarean section at term ( ≥ 37 weeks) in the following groups: 1) not in labor (n = 25) and 2) spontaneous labor (n = 15).
The inclusion criteria for both groups were as follows: 1) absence of medical complications; 2) no antibiotic administration prior to the sample collection; 3) normal post-operative course; 4) absence of meconium staining of the amniotic fluid; 5) neonatal Apgar scores > 7 at 1 and 5 min; 6) absence of histologic chorioamnionitis; 7) absence of obstetric complications of pregnancy; and 8) normal pregnancy outcome, including an infant who was of appropriate-weight-forgestational-age (AGA) without congenital anomalies.
Eligible patients were enrolled at Hutzel Women's Hospital (Detroit, MI, USA). All women provided written informed consent prior to the collection of adipose tissue samples. The collection and utilization of the samples for research purposes was approved by the Institutional Review Boards of the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD/NIH/ DHHS, Bethesda, MD, USA), and the Human Investigation Committee of Wayne State University (Detroit, MI, USA). Samples obtained from pregnant women not in labor have been previously used to study the differences in transcriptome between pregnant and non-pregnant women.
Clinical definitions
Patients not in labor underwent a cesarean section secondary to a fetus in the non-cephalic presentation, previous uterine surgery, or classical cesarean section, or an elective cesarean section with no more than one previous cesarean section. Women in spontaneous labor underwent cesarean section due to a fetal malpresentation or for non-reassuring fetal status as determined by the clinical staff. Patients with clinical or histological chorioamnionitis and those undergoing induction of labor were excluded.
Labor was diagnosed in the presence of spontaneous regular uterine contractions occurring at a minimum frequency of two every 10 min with cervical changes that required hospital admission. Histologic chorioamnionitis was diagnosed using previously described criteria [180, 181] . An AGA neonate was defined by a birth weight between the 10 th and 90 th percentiles for the gestational age at birth [182] . Body mass index (BMI) was calculated according to the formula: weight (kg)/height 2 (m 2 ).
Sample collection
Paired visceral and subcutaneous adipose tissue samples were obtained from each participant. Subcutaneous adipose tissue samples were collected at the site of a transverse lower abdominal incision, in the middle of the Pfannenstiel incision, from the deeper strata of subcutaneous fat. Visceral samples were obtained from the most distal portion of the greater omentum [116, [183] [184] [185] [186] . Visceral and subcutaneous adipose tissues were collected using Metzenbaum scissors and measured approximately 1.0 cm 3 . Tissues were snapfrozen in liquid nitrogen and stored at -80°C until use.
RNA isolation
Total RNA was isolated from snap-frozen adipose tissue using TRI Reagent ® combined with the Qiagen RNeasy Lipid Tissue kit protocol (Qiagen, Valencia, CA, USA), according to the manufacturers' recommendations. The RNA concentrations and the A260 nm/ A280 nm ratio were assessed using a NanoDrop 1000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA). RNA integrity numbers were determined using the Bioanalyzer 2100 (Agilent Technologies, Wilmington, DE, USA).
Microarray analysis and quantitative real-time polymerase chain reaction
The Affymetrix GeneChip Human Exon 1.0 ST array (Affymetrix Inc., Santa Clara, CA, USA) platform was used to measure the expression levels in each unpooled specimen, per manufacturer's instructions (http://www.affymetrix.com). The array contains approximately 5.4 million 5-μm features (probes) grouped into 1.4 million probesets interrogating more than one million exon clusters [187] [188] [189] . To verify the results from microarray-based analysis, 24 genes were selected for quantitative real-time polymerase chain reaction (qRT-PCR) assays in the same set of samples used for microarrays.
Statistical analyses
Differential expression: The raw microarray probe intensity data were background corrected, quantile normalized [190] and summarized into one expression value for each transcript using a robust multi-array average implemented in the aroma.affymetrix package [191] . A paired moderated t-test [192] was used to test for differential expression with a false discovery rate (FDR) [193] correction of P-values to obtain q-values. Gene significance was inferred using q < 0.1 and fold-change in expression > 1.5 [194] . Gene ontology analysis was performed with algorithms previously described [195] . Pathway analysis was performed on the Kyoto Encyclopedia of Genes and Genomes (KEGG) [196] pathway database (96 pathways with three or more genes on our microarray platform) with an overrepresentation analysis [197] . Alternatively, the Pathway Analysis with Downweighting of Overlaping Genes (PADOG) [198] was applied on the canonical pathways collection from the MSigDB database [199] (831 pathways with at least 20 genes represented on our microarray platform). Differential expression between adipose tissue regions of the same subjects based on qRT-PCR data was performed with a paired t-test on -ΔCt values.
Differential exon usage (splicing): To identify differential exon usage between the groups of samples, we used the method Finding Isoforms using Robust Multichip Analysis (FIRMA) [200] to quantify how far (above or below) a given exon's expression level was compared to the expected (average) transcript level in a given sample. Criteria for inclusion of transcripts and exons are described in the supplementary material. We applied a t-test for each probeset (typically one per exon) in each transcript based on the FIRMA scores, and inferred significance when the difference in mean FIRMA scores between groups was 2.0 or more combined with a threshold of 0.1 on the FDR-adjusted P-values (q-values). This was a more stringent approach than described in another study [200] in which positive results were identified based only on the difference in mean FIRMA scores above 1.5 units. Plotting of the probe-level expression data at exon levels vs. genomic coordinates was performed using functionality provided by the GenomeGraphs package with known isoforms in the ENSEMBL database retrieved with biomaRt [200] . All microarray analyses were performed using the R language and environment and Bioconductor [200, 201] .
Demographic data analysis: The Student's t, Mann-Whitney U, and χ 2 tests were used to identify significant differences in patient demographics between women in the microarray and qRT-PCR groups. SPSS software (version 14.0; SPSS Inc, Chicago, IL, USA) was used for statistical analysis of demographic data. A probability value of < 0.05 was considered statistically significant. 
Results
Demographics
Differential expression
Microarray analysis demonstrated 485 transcripts corresponding to 482 unique genes differentially expressed between the visceral and subcutaneous adipose tissue of pregnant women in spontaneous labor at term (q-value < 0.1; fold change > 1.5). A total of 329 genes had decreased expression, and 153 genes had increased expression in the subcutaneous, compared to visceral, adipose tissue. A "volcano plot" shows the differential expression of all annotated probesets on the Affymetrix GeneChip Human Exon 1.0 ST array with the log (base 10) of q-values (y-axis) plotted against the log (base 2) fold changes (x-axis) between the visceral and subcutaneous adipose spontaneous labor at term is presented in Table 2 ; the complete list of differentially expressed probes is available as supplementary material (Supplementary Table 1) . Among the 482 genes differentially expressed between visceral and subcutaneous adipose tissue in patients with spontaneous labor at term, 91 were not part of the 632 genes differentially expressed in the not in labor group (ENTREZ IDs suffixed by a * in Table 2 and Supplementary Table 1) .
In order to gain further insight into the biology of the differential gene expression, Gene Ontology enrichment analysis was employed. A total of 94 biological processes were associated with regional differences in the spontaneous term labor group (q < 0.05) ( Table 3 ). Pathway analysis performed using an over-representation on the KEGG database resulted in seven significant pathways in this comparison (q < 0.05): complement and coagulation cascades, cytokine-cytokine receptor interaction, focal adhesion, steroid hormone biosynthesis, ECM-receptor interaction, African trypanosomiasis, and protein digestion and absorption.
qRT-PCR analysis
The results of qRT-PCR confirmed the differential expression of nine of 29 genes found to be significant on the microarray analysis: lipoprotein lipase (LPL), retinol binding protein 4 (RBP4), leptin (LEP), complement component 4B (Chido blood group) (C4B), insulin-like growth factor binding protein 2 (IGFBP2), monoglyceride lipase (MGLL), annexin A8 (ANXA8), klotho beta (KLB), and prolactin (PRL).
Differential splicing
Using the Affymetrix GeneChip Human Exon 1.0 ST array that probes individual exons of known genes, we compared the exon usage (inclusion) rates between adipose tissue regions. Significant differences in exon usage were found for 42 genes between visceral and subcutaneous adipose tissue of pregnant women not in labor (Table 4) but not in the labor group.
Patients with spontaneous term labor versus pregnant women not in labor Differential expression
We did not find significant differences in gene expression in either visceral or subcutaneous adipose tissue of pregnant women with and without spontaneous labor using our predefined gene selection criteria. However, when applying PADOG pathway analysis, four KEGG pathways (spliceosome, snare interactions in vesicular transport, pathogenic Escherichia coli infection, DNA replication) and three Reactome database [202] pathways (processing of capped intron containing pre-mRNA, mRNA processing, mRNA splicing) were found to be significantly perturbed in the presence of labor in the subcutaneous region of the adipose tissue (see enrichment plots for two of these pathways in Figure 3) . Unlike the over-representation approach requiring gene selection as a first step, PADOG determines whether the differential expression t-scores of a given pathway are higher (in absolute value) than those of all genes profiled on the array and, hence, detects potentially smaller but systematic differential expression in a given pathway compared to all genes on the array (Figure 3) . When comparing the visceral region of the women in labor to those without labor, the PADOG identified the Reactome asparagine N-linked glycosylation pathway to be associated with parturition (see Figure S1 ).
Differential splicing
Significant differences in exon usage were found between subcutaneous adipose tissue of pregnant women with and without spontaneous labor at term for three genes: usage for LIMS1 and GSTK1). For all three genes, the exon showing differential usage had lower expression in the group of women in labor compared to the not-in-labor group. These three genes were not among the 42 genes with differential exon usage between visceral and subcutaneous adipose tissue of pregnant women not in labor (Table 4) .
Discussion
The principal findings of this study include the following: 1) Visceral and subcutaneous adipose tissue transcriptome of pregnant women with spontaneous labor at term were different: i) 482 genes were differentially expressed between the two fat depots; ii) Gene Ontology analysis indicated specific biological processes (e.g. cell adhesion, vasculature development, and circulatory system development); iii) the KEGG pathways enriched in differentially expressed genes were: complement and coagulation cascades, cytokine-cytokine receptor interaction, focal adhesion, steroid hormone biosynthesis, ECM-receptor interaction, African trypanosomiasis, and protein digestion and absorption. 2) Significant differences in alternative spliced genes were found between the subcutaneous adipose tissue of pregnant women with and without spontaneous labor at term; three genes affected by alternative splicing were LIM and senescent Serine/arginine repetitive matrix 2 826444 -2.6 < 0.001 < 0.001 23524 SRRM2
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cell antigen-like-containing domain protein 1 (LIMS1), heat shock 70 kDa protein 5 (glucose-regulated protein, 78 kDa) (HSPA5), and Glutathione S-transferase kappa 1 (GSTK1); and 3) visceral and subcutaneous adipose tissue transcriptome of pregnant women with and without spontaneous labor at term did not differ significantly.
Visceral versus subcutaneous adipose tissue in pregnant women with spontaneous labor at term
This study describes, for the first time, the transcriptome of visceral and subcutaneous adipose tissue of pregnant women with spontaneous labor at term. High throughput technology has been employed in obstetrics [203] [204] [205] [206] [207] [208] . Specifically, the transcriptome of the uterine cervix [209] [210] [211] [212] [213] [214] [215] [216] [217] , myometrium [12, [218] [219] [220] [221] [222] [223] [224] , chorioamniotic membranes [225, 226] , amniotic fluid [227] [228] [229] [230] [231] [232] [233] [234] [235] [236] , maternal blood [237] , and umbilical cord blood [238] have been reported. Region-specific differences were extensively investigated in non-pregnant individuals using both targeted and highdimensional biology techniques [124-142, 145, 148-151, 153, 239-242] . In contrast, previous reports concerning gene expression in adipose tissue of pregnant women have used only the targeted approach [32, [117] [118] [119] [120] [121] [122] [123] [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] with two exceptions [178] . Resi et al. investigated the transcriptome of subcutaneous adipose tissue obtained from the gluteal depot. Participants in that study included healthy nonobese women and healthy women not in labor [178] . This is the first report to use either a high-dimensional biological technique or a targeted approach in the investigation of fat depots during normal human labor.
Bashiri et al. [243] have determined alterations in genome-wide transcription expression in visceral and abdominal subcutaneous fat depots in obese and lean pregnant women (four in each group) using the Affymetrix Human Exon 1.0 ST platform. The authors reported that global alteration in gene expression was identified in pregnancy complicated by obesity and the identification of indolethylamine N-methyltransferase, tissue factor pathway inhibitor-2, and ephrin type-B receptor 6 that were not previously associated with fat metabolism during pregnancy. In addition, subcutaneous fat of obese pregnant women demonstrated increased coding protein transcripts associated with apoptosis as compared to lean pregnant women. Of note, all participants in Bashiri et al. [243] were not in labor.
Comparison between the transcriptome of visceral and subcutaneous adipose tissue in pregnant women with and without spontaneous labor at term: evidence for an active role of adipose tissue response in the metabolic adaptation to parturition An additional novel finding reported herein is the implication of alternative splicing in subcutaneous adipose tissue of pregnant women in spontaneous labor at term. Alternative splicing is a major biological process by which a relatively limited number of genes can be expended into elaborate proteomes [244] . It has been estimated that approximately two-thirds to three-quarters of all human genes undergo alternative splicing [201, [244] [245] [246] . This process allows cells to include or exclude different selective sections of premRNA during RNA processing [247] . The altered transcripts result in closely related proteins expressed from a single locus [247] . The splicing process may affect function, localization, binding properties, and stability of the encoded proteins [244, 248] as well as degradation of the transcript [244, 249, 250] . It is an important regulatory mechanism that has been shown to be involved in several molecular pathways including angiogenesis and differentiation [247, 251] . To our knowledge, this is the first report implicating alternative splicing in parturition-related differences of subcutaneous adipose tissue or any other tissue.
While we did not find significant differences in gene expression between either visceral or subcutaneous adipose tissue of pregnant women with and without spontaneous labor at term, we identified three genes affected by alternative splicing: Glutathione S-transferase kappa 1 (GSTK1), heat shock 70 kDa protein 5 (glucose-regulated protein, 78 kDa) (HSPA5), and LIM and senescent cell antigen-like-containing domain protein 1 (LIMS1). The Kappa class of glutathione S-transferases (GSTK) was first identified in the mitochondrial matrix from rat liver [252] . The human glutathione S-transferase kappa 1 (GSTK1) gene and protein were first characterized less than a decade ago [253] . Further studies of human GSTK1-1 have confirmed its presence in mitochondria and peroxisomes [253] [254] [255] . GSTK1-1 is highly expressed in adipose tissue, and its expression level was negatively correlated with obesity in humans and mice [256] . Importantly, GSTK1-1 plays a critical and selective role in regulating adiponectin biosynthesis. Specifically, suppression of GSTK1-1 inhibits adiponectin multimerization, probably by functioning as protein disulfide isomerase that regulates adiponectin disulfide bond formation, which is essential for multimerization.
Adiponectin, identified independently by four groups [257] [258] [259] [260] , is the most abundant gene (AMP1) product of adipose tissue; it circulates at a relatively high concentration [261] . Adiponectin has an important role in the pathophysiology of insulin resistance and diabetes [262] , atherosclerosis [263] , hypertension [264] , dyslipidemia [265] , and angiogenesis [266] . A solid body of evidence supports the role of adiponectin in normal gestation and pregnancy complications: 1) circulating maternal adiponectin correlates with insulin resistance indices during pregnancy [267] ; 2) patients with gestational diabetes mellitus (GDM) have a lower concentration of adiponectin compared to those without GDM [51, 53, 268, 269 ]; 4) overweight pregnant patients have a lower adiponectin concentration than pregnant women of normal weight; and 5) preeclampsia is associated with altered maternal adiponectin concentrations [21, 29, 32-34, 36, 38, 45, 46] . Collectively, these findings suggest that adiponectin may play a regulatory role in metabolic and vascular complications of pregnancy. Adiponectin circulates in human plasma in distinct forms: 1) low-molecular-weight (LMW) trimers; 2) medium-molecular-weight (MMW) hexamers; and 3) high-molecular-weight (HMW) oligomers (12-18 sub units) [270] . These adiponectin multimers can exert distinct biological effects [270] , activate different single transduction pathways [271, 272] , and may have different affinities to the adiponectin receptors [273] . Consistent with these findings, the ratio of HMW to total adiponectin [270] has a better correlation with insulin resistance [270] , obesity [274] , cardiovascular diseases [275] , and other impaired metabolic states [276, 277] than total adiponectin. Alterations in the relative distribution of adiponectin have been reported in normal gestation [17, 22, 26, 278, 279] as well as in preeclampsia [31, 280] , gestational diabetes [52, 281] , and delivery of SGA neonates [17, 71, 72, [278] [279] [280] [281] . We have previously determined concentrations of circulating maternal adiponectin multimers in women with normal pregnancy and in those with preterm labor, with and without intra-amniotic inflammation/infection [66] . We have found that labor, per se, regardless of the presence of infection/inflammation, is associated with significant quantitative and qualitative alterations in adiponectin multimers. Taken together, the results of our previous and present studies suggest that the differences in the expression of GSTK1 in the subcutaneous adipose tissue between pregnant women with and without labor may provide a molecular mechanism for the altered regulation of adiponectin and adiponectin multimers associated with labor. This, in turn, may be important for the regulation of energy expenditure associated with parturition.
Heat shock 70 kDa protein 5 (HSPA5), also known as 78 kD glucose-regulated protein (GRP78) or immunoglobulin heavy chain-binding protein (BiP) [282, 283] , is an ER-resident multifunctional molecular chaperone [284] belonging to the Hsp70 family of heat shock proteins [285] . HSPA5 is a key component of the unfolded protein response (UPR) signaling pathway that plays an important role in ER homeostasis [286] . HSPA5 increases the ER protein folding capacity by forming multiprotein complexes with other ER chaperones and regulates the activity of the ER-transmembrane sensor proteins PERK, IRE1, and ATF6 by sequestering them in inactive complexes [287, 288] . Recently, several studies proposed that increased endoplasmic reticulum stress may represent the proximal cause of the association between obesity and adipocyte insulin resistance [289] [290] [291] . Moreover, studies examining human adipose tissue have indicated that there is an increase in the ER stress transcript HSPA5 as a function of increased BMI [292, 293] . Thus, it can be hypothesized that parturition imposes increased metabolic demands and results in ER stress which, in turn, is attenuated by overproduction of HSPA5 in subcutaneous adipose tissue. Further studies are needed to test this hypothesis.
The additional gene affected by alternative splicing in subcutaneous adipose tissue of pregnant women with spontaneous labor at term is LIM and senescent cell antigen-like-containing domain protein 1 (LIMS1). LIM domain proteins contain at least one double zinc-finger motif, and they express mainly in mammalian hearts, particularly in cardiomyocytes [294] . These proteins contain between one and five LIM domains and have been implicated in the development of the heart and heart disorders. There are two members in the five-domain LIM family: LIMS1 and LIMS2. They act as adaptor proteins forming ternary complexes and participate in cell-cell, cell-matrix adhesion, migration, growth, and cell survival [295, 296] . LIMS1 and LIMS2 also function as stress sensors that enable the heart to detect mechanical stretch and respond by increasing contractile force. Other members in this large family have been implicated in the development of the heart [297] [298] [299] [300] [301] [302] , kidney [303] [304] [305] , and liver [306] as well as in cancer [307] [308] [309] [310] [311] [312] [313] and in neurodegenerative disease [312, 314] . Interestingly, a member of the LIM family, four and a half LIM domains (FHL1), was found to be differentially expressed between visceral and omental adipose tissue in humans. To our knowledge, this report represents the first evidence that LIMS1 is expressed in human adipose tissue. Based on previous reports concerning the physiological role of this gene in other organs, it is tempting to postulate that LIMS1 is involved in the remodeling of the subcutaneous adipose tissue.
Strengths and limitations of the study
The major strengths of this study include the novel findings reported herein: 1) the implementation of a high throughput technique in the investigation of different adipose tissue depots, 2) the evaluation of paired specimens, 3) the inclusion of well-matched controls, and 4) the relatively large sample size. Our results include the first description of the transcriptome of adipose tissue -visceral and subcutaneous -in parturient women. Significant differences in alternative spliced genes were found in the subcutaneous adipose tissue between pregnant women with and without labor, implicating that alternative splicing in labor may be associated with differences in subcutaneous adipose tissue for the first time. We have identified the LIMS1 gene, previously unrecognized, to be expressed in subcutaneous adipose tissue. Several limitations of our study should also be acknowledged. The cross-sectional nature of this study does not allow us to determine either a temporal or a causal relationship between labor and alterations in adipose tissue region-specific gene expression. In addition, as most of the participants in the study were African American, the generalization of our findings to pregnant women of different ethnic origins will require future investigation.
Conclusion
We provide evidence for the association between labor and changes in gene expression in adipose tissue. Specifically, alternative splicing has been implicated in human parturition for the first time, providing a putative molecular mechanism by which regulation of adipose tissue metabolic adaptations to the increased energy demand associated with labor occurs. In addition, we provide evidence that human parturition is characterized by a unique pattern of adipose tissue region-specific alterations in gene expression. Collectively, our data indicate that adipose tissue may play a role in the metabolic regulation of human parturition.
